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nv    WAI-TER    D.    BONNER 

Couipanitivilv  little  is  known  of  tlic  compositions  of  the 
two  c()lxi'^tc•nt  li(iuid  pliasis  which  are  often  formed  when 
three  li(iuiils  are  mixed  toijetlier.  The  earliest  deterniina- 
tioiis  seem  to  have  been  made  by  Tuchschmidt  and  FoUenius 
in  1871,  but  the  only  considerable  esperimental  research  on 
the  subject  is  that  published  by  W.  D.  Bancroft  in  1895. 
Now  that  the  graphic  utliods  of  the  Phase  Rule  have  been 
applied  to  problens  of  this  sort,  more  particularly  by  van 
Rijn  van  Alkenuide,  Schreineinakers,  and  Roozeboom,  it 
seemed  desirable  to  add  to  the  stock  of  exp.'riinental  data,  and 
accordingly  tVie  present  investigatio  \  was  undertaken. 

When  alcohol,  for  example,  is  gradually  added  to  a  mix- 
ture of  ether  and  water,  at  some  constant  temperature,  the 
compositions  and  (luantities  of  the  two  layers  of  hquid  grad- 
ually change,  and  finally  a  homogenous  solution  is  obtained. 
The  points  of  the  "Binodal  Curve"  give  the  quantity  of  alco- 
hol which  nuist  be  added  to  any  given  quantities  of  ether 
and  water  in  order  to  bring  about  homogeneity,  and  the  ex- 
tremities iif  the  "tie  lines"  give  the  compositions  of  the 
various  ])airs  of  liquids  which  may  exist  in  equilibrium. 
When  the  two  la\crs  are  practically  of  the  same  composi- 
tion, the  tie  line  is  reduced  to  a  point,  the  "plait  point," 
on  the  binodal  curve. 

The  experimental  risearches  hitherto  published  have 
dealt  mainly  with  the  data  for  the  binodal  curve;  the  posi- 
tions of  tie  lines,  that  is  tlu  compositions  of  the  various  pairs 
of  coexistent  liquids,  luiM'  bien  determined  in  but  few  cases.' 

'  liv  W.i.i.l.ll,  Si-liriimiiuikii-..  Ro.i/i'l.oii[ii,  WiiK'lit.  Sfe  HiljlioRraiiliy. 
p.  787.  TIh'  I'.iiK-r  li\'  |tml;iu\  lontiiiiis  ilata  onougli  fi>r  tlir  calculation  ol  the 
lie  lines. 
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As  I  wished  to  study  as  many  diffcrt'iit  systems  as  was 
possible,  and  as  organic  liciuids  are  in  ijiiKral  costly,  it  was 
necessary  to  develop  a  method  of  working  which  would  not 
necessitate  the  use  of  more  than  a  few  grams  of  material  in 
each  experiment.  The  diflkulties  of  analysis  were  avoided 
by  adopting  a  modification  of  the  method  of  "  ([uantitative 
synthesis"  employed  by  Hancroft,'  and  the  ])ositions  of  the 
tie  lines  and  plait  points  were  determined  by  the  graphic 
method  described  by  \V.  Lash  Miller  and  R.  II.  Mcl'herson,^ 
and  applied  by  them  in  a  few  cases. 

Method  of  Working' 

My  me' hod  of  working  may  hi  t  be  described  by  refer- 
ence to  a  particular  case.  Three  Ostwald-Sjirengel  pyknom- 
eters  with  long  ca])illary  dischargi'  tubes'  were  filled  with 
ether,  water,  and  alcohol,  risptctively,  and  from  these  0354 
gram  ether  and  0.501  gram  water  were  weighed  into  a  cylin- 
drical glass  tube  about  12  em  long  and  i  cm  in  diameter, 
to  the  upper  part  of  which  a  tube  of  larger  bore  fi.5  cm 
diameter  and  3  cm  long)  had  been  sealed  for  coiivenience  of 
corking.  This  tube  was  at  once  corked  and  immersed  in  a 
well  stirred  mixture  of  ice  and  water  contained  in  a  covered 
rectangular  glass  "aquarium"  (such  as  is  often  used  for  gold 
fish)  the  sides  of  which  were  jacketed  with  felt  except  for  a 
space  of  about  10  cm  stiuare  at  each  end.  One  of  these 
openings  could  be  illuminated  by  an  electric  light  which  was 
extinguished  except  during  an  observation,  while  the  other 
served  as  a  window,  to  enable  t'le  tube  to  be  observed  through 
the  telescope  of  a  cathetonieter.  The  contents  of  the  tube 
were  stirred  by  a  bent  wire  which  projected  through  a  hole 
in  the  cork,  and  alcohol  was  gradually  added  from  the  third 
pyknometer  (by  lifting  the  cork  and  dropping  in  a  little  at 
a  time)  until  a  homogeneous  solution  was  obtained.  This 
needed  0.326  gram  alcohol.     The  total   weight  of  liejuid  in 

'  I'hys.  Kfv.,  3,  J7  (i.S.jst. 
'Jour.  I'hys.  Clitu;,,  12,  701)  (njoS'i. 

^  Stich  as  are  usril  In  intrciiliuv  li(|iM[N  imn  ;i  Imilim;  ]iiiim  a|p|iaratus. 
See  Ostvvalil-LutluT.  I'liysico  Chi'iiiiMiu'  .\K»imi;>ii,  --ml  iiliiiMii.  !■.   ^115. 
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till-  tulx-  was  tlius  I  iSi  'grains,  tlic  catlKtoiiietcr  jjavc  the 
li(.i.i,'lit  of  Ilk'  liiiiiiil  ill  tin  tiibf,  IkiKv  from  a  previous  cali- 
bration, it>  voluiiu';  from  tlusi'  data  its  specific  >;ravity 
was  ol)taiiU(l. 

Tlu-  tlini'  iitinilHTs:  ttlur  o  v^4.  water  0.501,  alcohol 
o  }2h,  l\\  a  ]>()iiit  on  tlic  hiiiodal  curvi'i  hut  as  in  tlic  graphic 
ri])risintation  which  1  have  a(Io])te(l,  the  sum  of  the  weij;hls 
of  ether  and  water  is  re])risi>nti(l  always  by  1  .(x>,  the  three 
lunuhers  must  (.aeli  he  nMiltii)lied  i)V  1  <xx)  o  855,  ),'i^'i"K 
ether  0414.  water  o  5S(),  alcohol  (  ,v^i,  as  the  coordinates 
of  ihi'  point  in  (|Uestion.  In  the  iliaijram,  Imj;.  1,  the  ab- 
><cissa  i;i\c^  the  amouiU  of  ither  and  the  ordinate  the  amount 
of  alcohol;  the  amount  of  water  ma\  be  obtained  by  sub- 
tractins;  tlii'  \alui'  of  the  ab-.ciss  1  Mom  unity."  The  other 
])ninl^  on  the  binodal  cur\e     Im.u.   I)  were  similarly  obtained. 


'i'he.ietual  amount  of  ether  u--i  d  in  determining;  the  eleven  points 
of  the  liyiire  was  4  oi|,S  ^ram>,  and  of  alcohol  .',  dSo  grams. 
About  foiu  hours  \\<irk  was  re(|uire(l. 


'  TIii^   ti  j't<  M  nM1i"ii.    \\U\\f    H"t    ^'t    -N  nrnn  iiumI   .is   tin-   liiiiii^tiKir  tlia 

HI. 1111,  ll.l~.  till  .lil'..lll!.l:.i  th.ll  1||>  -i!!!!!.!!!  .  .l!l  illliilh  |M.i|»iniull.ll  In  I  lie 
Uiutl'"'  "1  illf'iliiil  llM'l  III  Itit  I  Al'i  iiini  Ills  Tlif  \(lllc;ll  ilisphufnu'tlt  I'l  llir 
|iii|llls  ,i|  lllr  mal'll  'llU  I"  .III  lll"l  111  "in  illc.|>  111  .lUnll.il  |n|  i;l;uil  nl  llllll 
;ll1il   vv.tlt  I  .   Is  thus  I  til    s.iitir  III  I'M  t  \    It  ^lnll  nl   i  lit'  1 1  i. 1^1  .till 
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Effect  of  Temperature 

After  nitasuriiiK  the  volume,  the  tube  was  removed 
from  the  ice  bath  and  placed  for  a  few  ininutes  in  a  beaker 
of  water  at  about  20°  C.  In  the  experiments  with  ether- 
water-alcohol,  the  homogeneous  solutions  clouded  on  warm- 
ing and  separated  into  two  layers.  In  all  other  cases  they 
remained  clear.' 

Determination  of  Plait  Point  and  Tie  Lines 

As  the  alcohol  was  added  in  the  experiment  just  described, 
the  lower  (atjueous)  layer  increased  in  volume,  while  the  up- 
per (ethereal)  decreased  and  finally  disai)i)eared.  In  a  subse- 
quent experiment  in  which  the  proportions  of  ether  and 
water  were  0.601  and  o.3<)9,  respectively,  the  reverse  was 
observed,  the  lower  layer  diminishing  and  ultimately  flisuj)- 
pearing.  The  abscissa  of  the  plait  point  consequently  lies 
between  0.414  and  o  601.  To  determine  it  more  closely, 
o.5,sf>  gram  of  ethir  and  o  541  gram  of  water  were  weighed 
out,  alcohol  added  in  successive  portions  and  tlu'  vohmiis 
of  the  two  layers  determined  by  the  catlktoiinter  after 
each  addition.     The  results  were  as  follows: 
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'  l*!\iHpt  ill  tlir  fUM'  iiliff  \^;ii»T  lilrolitil.  inixitirts  i,t  wliit-h  aliiiost 
eiiiiiij;li  altiilhil  (ur  mlur  ouisiiltiu  lii|iilili  lias  Kivii  aililnl  in  iiiakt-  ilmii  Iiuhk. 
Ki'liKiis,  Ih'ckiik  wi  im  rt'iiM\iiiii  Ironi  ilir  ir<  Kalli  ami  iloiiil  anaiii  uliin  «■ 
placi'd  ICxiwiiiiU'iiis  riiinilniiil  <<,  (c).  mi  win-  latiinl  mil  al  n  v  liiranw 
of  Ihi-  lii>;li  nulling  point  ol  cim-  ni  the  o>iivi|imiiK  in  iUw  i  ih«  llir  lii'ino. 
K»'nr>u>i  s<i|iiiiiin>i  rloinlni  on  niilinj;.  ami  rlrariil  ai;ain  on  »ariniiiu  In  Mtir 
liui^;'s  sliiilv  ol  llif  t>itio<laI  rtnvf^  oi  vvvtvnt*.  rontiuiiinL;  liiinriln  I.itumh-,  taM'S 
anali'nons  to  thai  o(  filur  Hater  aliuliitl  wirt'  imM    wiili. 
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If  it  be  assiiiiK'd,  as  a  /;>.«/  approximation,  that  the  specific 
gravities  of  the  two  layers  are  the  same,  the  volume  ratio 
will  he  the  ratio  of  their  wei^jhts.  If  then  a  straight  line 
he  drawn  tliroush  the  point  which  represents  the  composi- 
tion ether  o  556.  water  o  541,  alcohol  o.22()  (or  ether  0.507, 
water  o  41),?,  alcohol  0.206)  to  meet  the  hinodal  curve  at 
eacii  side  so  that  the  lenj^th  of  the  jiortioii  of  the  line  to  the 
left  of  the  point  is  o  <)4  times  the  len>;th  of  the  portion  of  the 
line  to  till'  rinlit,  the  ])oiiits  at  which  this  line  meets  the  hinodal 
curve  will  i,'ive  the  compositions  of  the  lower  and  upper 
la\ers,  risi)eeti\el>  .  and  the  line  will  he  a  "tie  line."  The 
aliscissa  of  the  two  ends  of  this  line  are  o.  100  and  ■)  <j,vS, 
res])ecti\i.ly.  To  make  a  MCond  approximation,  the  volume 
of  the  lower  and  ujiper  layers  10.78,^  cc  and  i).7,V>  cC  may 
he  nuiltiplied  1>\  the  sjHcilic  j;ra\ities  of  the  solutions  lah- 
sci'^sa  0  UH)  and  o  "j.^.s*.  viz.:  o.gS  and  <).7<)  respectively, 
givini;  o  768  i^ram  and  0.5S4  gram  as  the  weights  of  the 
two  lavers,  and  o  760  as  the  weight  ratio.  Shifting  the 
line  to  corresj)ond,  gives  o  r,vi  and  f).i)<)C)  as  the  abscissa 
of  the  ind  ])oints.  .\  further  approximation  is  in  general 
umii  ces>.ar\ .  liach  line  of  Table  I  thus  serves  to  place  a 
tie  line;  their  positions  were  checked  by  three  further  sets' 
of  e.xiHrimeiits  with  differint  relative  (luatitities  f)f  ether 
and  watir.  .\s  near  the  plait  point  the  tie  lines  are  roughly 
parallel,  the  ])osiiion  of  the  plait  point  ma\-  be  obtained 
gra|)hically  with  fair  accuracv .  In  the  present  instance  its 
coordin;ites  are  ether  o  51,  alcohol  u.yi,  indicated  by  a  dot 
on   the  liinodal  curve   (I'ig.    i). 

Source  of  Error  and  Precautions  Taken 

N\arl\  all  the  duiiiicals  used  were  Kahlbauiu's  best, 
uiiisth  from  bottU's  o]H'ned  for  the  (Kcasiou.  In  a  few  cases, 
howe\er.  win  re  the  gtiarantie  of  jmrity  was  not  so  wKid, 
the  li(|uid  was  dried  and  fractionated  imtil  a  satisfactory 
prtjiaratioii  was  obtained. 

The  pyknomi'ters  were  weiglu'il   to  four  places  of  deci- 

'  Iti  ^iiiit.il  iiiilv  t»<i  -.t'Kiif  lie  lint'  lU'ii'tniinalliiiis  wtri'  iimili'. 
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nials,  l)Ut  only  tlirtr  are  recorded.  They  were  always  weighed 
iininediately  bef.)re  and  iiumediately  after  using,  even  where 
a  series  of  ir.easureiiients  with  the  same  liciuids  was  in  prog- 
ress. In  some  eases  the  liciuid  was  blown  from  the  pvknom- 
eter,  a  tube  15  em  long  of  calcimn  chloride  and  soda-lime 
being  usid  to  prevent  contamination  by  the  breath;  gener- 
ally, however,  it  was  found  easier  to  add  small  detinite  amounts 
by  s(|ueezing  a  short  piece  of  rubber  tubing  attached  to  the 
ui)])er  tube  of  the  pyknometer  and  plugged  with  a  bit  of 
glass  rod. 

The  attempt  to  substitute  small  burettes  for  the  pvknom- 
eters  was  abandoned,  as  it  was  found  impossible  to  keep  the 
li(iuids  in  them  at  constant  temperati'-e. 

To  guard  against  evaporation,  the  tube  in  which  the 
li(iuids  were  mixed  was  kept  stoppered.  In  ;i  numlier  of 
cases  it  was  weighe<l  after  the  experinunt  and  the  loss  thus 
determined  directly;  with  volatile  li()uids  on  long  standing 
(as  in  tie  line  determinations)  this  might  reach  as  high  as 
one  percent.  Table  II  gives  the  total  weights  and  the  losses 
in  the  exi>eriinents  to  determine  the  binodal  curves  for  tol- 
uene water-alcohol  and  for  chloroform  water-carbiiiol  n- 
spectively  : 
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As   in   all   the  exiHriineiits   the   tube   was   at    least    one- 
third  full  of  liijuid.  the  composition  of  the  li(iuid  was  not  ap- 
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preciably  affected  by  the  formation  of  vapor  (at  zero  centi 
grade)  within  the  tube. 

In  general  there  was  no  difficulty  in  deciding  whether 
one  phase  was  present,  or  two;  the  contents  of  the  tube  form- 
ing a  more  or  less  translucent,  milky  emulsion  until  the  last 
drop  of  the  consolute  liquid  suddenly  cleared  it.  In  a  few 
cases,'  ether-water-alcohol,  for  example,  no  such  enudsion 
was  formed  and  the  end  jioint  was  harder  to  determine.  If 
a  little  lampblack-  were  aildid,  however,  it  collected  at  the 
boundary  bit  ween  the  two  litiuids,  which  thus  became  easily 
visible  tveii  when  the  amomil  of  one  phase  was  very  small. 

In  order  to  get  an  idea  of  the  ])r()bable  accurac>'  with 
whicii  the  end  point  could  be  determined  in  such  casis,  sat- 
urated MthUioiis  of  ether  in  water  and  of  water  in  ether  were 
made  by  shaking  together  equal  volumes  of  water  and  ether 
Some  of  the  lower  layer  was  pipetted  off  into  a  tared  tube, 
weigluil.  and  then  the  least  amount  of  the  ujiper  layer  of 
wliosi'  presence  I  could  be  jjositive  was  determined  by  adding 
it  in  xery  small  drops  until  |)laitdy  visible,  and  then  weighing. 
TIk'  sami'  i)roeedure  was  followed  in  the  case  of  the  U])])er 
la\er,  adding  a  small  amount  of  the  lower,  aiul  in  both  cases 
iNlHTiniiiits  wire  made  with  and  without  addition  of  lamp- 
black. r>iiig  about  one  gram  of  the  lower  layer.  ;ind  aflding 
the  upper  in  \er\  small  drops,  I  found  as  the  mean  of  several 
trials  that  six  or  light  milligrams  was  the  least  amoimt  of 
whii'h  I  cotild  bi-  (|uite  cert.iin.  The  presence  of  the  black 
diH  s  not  griatly  lessiii  tlu'  amount  of  thi-  upper  layiT  tieeded, 
but  it  facilitates  its  <lv'tectiou  \tr\'  (leci<le<llv.  Hefore  add- 
ing the  upper  l.i\er  the  black  is  seatteri'd  iTi  loose  flakes 
o\iT  the  snrfaee  or  climbing  up  the  sides  of  the  tube;  but 
tile  addition  of  a  ver\  small  droj)  of  llu'  upper  la\tT  causes 
it  to  form  a  iironoimced  lilm  on  the  surface,  and  to  come 
ilouii   from  till-  sides.     This  lilm  forms  again  at  ^mvv  if  dis- 

'  <  ii(m  r  (Apt  mm  II!  s  111  \\!iu!i  llii^  "rtMirii'i  wcri'  N"^  5,  11,  J 1 ,  u,  \.\ 
\  \  Mu\   ^  \  'Ml   T.tlilr  \  I 

•  I.\f'»I«Mliiii?i  \\i\\  iii't  ^o  int"  tlir  l)<>unitar\  liulii;(i,  e.irtniiu'.  iiti<l 
!i!!ta!!nt!!!t'  ai^^,,ii.t.    .,r  .^.,1.!  I.,    in  w.int'  ••<  '.hi'  Ucjui'.!!-  ust;!. 
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turbed  by  stirring,  but  on  the  addition  of  a  drop  or  two  of 
alcohol,  etiou^'h  to  render  the  system  homogeneous,  it  is 
immediately  dib,sipated,  the  black  for  the  most  part  settling 
into  the  liquid  and  slowly  to  the  bottom  of  the  tube. 

Ushig  about  the  same  amount  (one  gram)  of  the  upper 
phase  and  addiny;  small  drops  of  the  lower,  I  found  that  about 
twenty  milligrams  was  the  least  amount  of  which  I  could 
be  positive. 

Another  metliod  of  detecting  the  end  point  that  proved 
useful  with  some  substances'  was  to  warm  the  liijuid 
slightly  until  it  Ixcame  homogeneous  and  then  to  cool  it 
again  in  the  ice  bath,  when  the  second  phase  would  separate 
as  an  emulsion,  whose  disappearance  on  addition  of  the  con- 
solute  liquid  could  easily  be  noted. 

In  determining  the  tie  lines  it  was  usually  necessary  to 
let  the  mi.\ture  stand  from  a  half  hour  to  several  hours  be- 
fore it  separated  into  two  layers  whose  volumes  could  be 
measured.  In  a  mnnber  of  cases  complete  separation  did  not 
occur  in  si.\  or  eight  hours  and  recourse  was  had  to  a  centri- 
fuge.' 

On  addition  of  alcohol  to  mixtures  of  water  and  (>-x\lene, 
the  densities  of  the  uppir  and  lower  layers  approach,  linally 
become  et|ual,  and  then  when  more  alcohol  is  added  the 
"u])per"  layer  becomes  the  heavier,  and  the  two  change 
places.'  In  this  case  I  could  not  obtain  good  separation  on 
statiding,  even  for  twenty-four  hours,  or  on  centrifngiiig. 
Water,  niesifvlene  a'ld  alcohol  behave  in  an  analogous  man- 
ner, but  siparation  is  not  so  diflicn'' 

The    tulxs    used    were    calil  1    l>y    adding    weighed 

amounts  of  water  (of  chloroform  .  a  duj)licate  caIil)ration) 
and  determining  with  a  cathctometer  the  tlistance  from  the 
bottom  of  the  glass  tube  to  the  lowest  and  the  highest  points 
of  the  meniscus. 


'  This  plan  was  iisimI  in  •AiKriiiiiiils  Nos    -"4.  ^5,  .'fi.  .'7,  .'8,  jt)  and  37 
(Tabic  V). 

'  I'^xiKriimiiK  Nus   ,i,  4,  .'(1,  .'7,  .'8,  ,1J,  .17,  vi,  4-'.  4J  aii'l  4.8 

'  Tills  iH.c»rri(l  in  ixiK-riniints  Nus.  4,  8.  i8.  35.  39.  41.  43  jml  49. 
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Till'  volume  of  the  tneiiiscus  cannot  be  nejjlected ;  it  was 
calculated  from  the  heii;lit  of  the  meniscus  by  assuming' 
that  the  perpendicular  section  of  the  boundary  liquid-air 
is  an  ellipse.  From  this  assumption  it  follows  that  the 
viihiiiie  of  the  metiiscus  is  directly  proportional  to  its  height. 
With  one  of  the  tubes,  for  example,  the  volume  was  0.023 
cc  per  mm,  and  the  height  varied  from  about  i  .8  mm  to  2.5 
nun,  dependiiii;  on  tlie  liciuids  used.  On  a  total  volume 
of  one  I'c  the  "meniscus  correction"  thus  amounts  to  five  or 
six  jHrceiit. 

Till'  cathetonieter  was  a  good  instriunent  with  glass 
scale,  each  di\ision  of  tlu'  scale  corresponding  to  one  nun, 
the  tenths  being  easily  read  with  a  vernier.  With  the  tubes 
used,  0  1  nun  corresponded  to  about  o.oi  cc,  or  one  percent 
on  a  \()lumi'  of  oni'  cc.  An  error  of  one  or  two  percent  in 
the  density  might  thus  easily  be  made.  Any  greater  ac- 
curac>',  however,  would  l)e  superlluous,  as  the  densities  were 
onl\-  usiil  in  i)lacing  the  tie  lines   (see  page  742). 

.\s  the  object  of  the  investigation  was  to  study  a  large 
lumiber  of  substanci's.  extreme  accuracy  had  to  be  sacrificed 
to  till'  necessity  for  working  with  small  fiuantities.  The 
abscissa  of  ])oints  on  the  binodal  curve  are,  of  ct)Ursc,  fairly 
accurate,  probably  well  within  oiie-half  percent.  Hut  since 
a  drop  of  alcohol,  (,r  of  the  other  eonsolute  liiiuids  used  in 
the  experiments,  weighs  about  o.oi  gram,  the  ordinates 
may  be  one  or  two  pirceiit  out.  I'"rom  the  agreitm-nt  be- 
t Weill  duplicate  exjierinients,  and  from  the  smoothness  of 
most  of  the  curves,  I  do  not  believe  that  the  error  in  general 
exceeds  this  amount. 

In  placing  the  tie  lines,  mucli  depends  on  the  form  of 
tlk'  cin\<\  The  niarer  tin-  "  voluiiii'  ratio  "  ap])roaches 
unity,  the  less  tile  error,  atid  I  have  borne  this  in  mind  when 
j)laimiiig  till-  ixperinieiits. 

Tlu  results  furnish  a  view  of  a  very  extensive  tield.  If 
it  sliniild  i)t()\c  ikc'ssary  to  examine  iiny  ]>()rtion  of  it  more 
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niinutily,  the  necessary  experiments  can  be  repeatefl  on  a 
larger  scale.  The  experimental  data  are  collected  in  Table 
V,  and  additional  experimental  details  are  ijiven  inider 
". Votes  on  Table  \',"  p.  757. 

Discussion  of  the  Results 

I'ixainination  of  Table  III  in  which  the  coordinates  of 
the  ])lait  jioints  are  collected,  shows  obvious  stoichiotnetric 
regularities:  With  alcohol  as  consolute  li(juid,  the  three 
esters,  ethyl  acetate,  propionate  and  isobutyrate,  come  to- 
>;etlu'r,  in  the  order  given;  similarly  with  the  three  alcohols, 
benzyl,  isobutyl  and  isoamyl.  The  hvdrocarbons  pineiie, 
mesilyletie,  o-  and  />-xyleiie,  and  toluene  come  in  the  order 
gi\en.  but  m-\ylene  stands  out  of  its  place  at  the  head  of 
the  series.  Aniyl.  isol)Ut\l,  propyl,  and  etlivl  bromides 
follow  in  the  t)rder  named.  Speaking  roughlv,  t'u-  latter 
half  of  the  table  includes  the  liciuids  noticeabh'  solubU-  in 
water,  and  with  the  excejition  of  chloroform,  only  such; 
while  the  lirst  half  Is  taken  up  with  hydnx-arbons,  broni  and 
nitro  derivatives,  l-lxcept  in  the  case  of  chloroform -pro])yl 
alcohol,  the  i)lait  point  is  shifted  to  the  right  (less  water) 
when  carbinol  is  replaced  by  ethyl  alcohol  and  the  latter  bv 
propyl  alcohol. 

Table  \'.  Inspection  of  I'igs.  .2,  ,?  ;  '  •  shows,  how- 
ever, that  there  is  tio  such  regularity  to  be  ol)served 
in  the  relative  i)ositions  of  the  three  binodal  curvis:  in 
the  case  of  brom-ben/.eiu\  the  highest  ciirvi'  is  that  for 
methyl  alcohol,  then  ethyl  alcohol,  and  j)ropyl  alcohol  low- 
est; with  chloroform  the  order  is  ])ropyl.  methyl,  ellul;  and 
with  carbon  tetrachloridi',  niithyl,  proj)ly,  ethyl;  at  the  ex- 
treme left  of  the  figures,  however,  the  order  is  methyl,  etlivl, 
projjvl,  in  every  case.  In  the  systems  hexane  water  car- 
binol and  heptane-water  carbinol  the  plait  point  is  situated 
practically  at  the  origin  of  coordinates;  in  other  wdrds,  no 
niattir  wiiat  the  j)roportions  of  carbinol,  water  and  hexane 
(luptaiiei   nia\-  be,  if  two  la\crs  are  formiil  tlii'  up]Kr  lavir 
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will  Ix"  practically  pure  licxane  (heptane).  The  behavior 
of  hexaiie  and  heptane  is  thus  analojjous  to  that  of  a  solid 
{c.  g.   coinnKjn   salt)    with  carbinol   and   water:  the   amount 


dissolved  varies  with  the  proportion  of  water  to  carbinol,  but 
neither  of  the  latter  substances  is  dissolved  in  the  hydrocar- 
bon or  in  the  salt. 
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Equations  for  the  Binodal  Curve 

Till'  first  ;ittiiiij)t  to  Ml  lip  an  ali,vl)raiial  i(iuati<>ii  fur 
a  liiiiodal  iiirw  was  inaiK'  hy  ■riK-lisclmuilt  and  I''()llt.iiiiis,' 
wlio  fduiid  lliat  \alius  of  v  talciilaU-d  ficiin  tik'  ixjirissioii 


V  -    /. 

(wIk-r-  1  Ki^i">  'I'l'  iiiinilKr  of  co  of  lailxni  bisiil]>lii(k'  which 
will  dissolvi-  in  lo  iv  of  a  spirit  <.'onlaiiiiii:;  .v  jiiTCftit  alcohol 
bv  w<.ii;liti  ai;r(.i(l  hiinalu-  \()llslandiL; "  with  the  results 
of  tluir  expirinuiits. 

I'tVilTt ! '  "(,\])iiUd  to  he  able  lo  ixpris,  the  i(iuilibriuin 
by  till-  foiHiiila 

wi     ^  ^  i(ii     -  y  i;  =-  I  ;>       c>,»r 

bill  the  laleiilalioUs  wvw  far  from  ameeiiiL;  with  thi'  i^xjieri- 
lui-nts." 

I'.ei^iiHiiiiu  in  iSi)4'  I'laneroft  published  a  series  of  ])apers 
on  "'lernarN  Mixtures."  Ik'  found  that  in  a  nuinber  of 
cases,  inehidiiii,'  those  invest  it;;' ted  by  liiinst  If  and  the  allo\s 
of  \\'rit;hl,'  the  curves  were  represented  by  the  fornnila 

VI"        eiinsl., 

where  .\  and  y  are  ihe  aniounts  of  the  two  innniseible  liipiids 
to  a  delinili-  aniount  of  cousolute.  In  most  cases,  however, 
two  eiiuations  with  dilTereiit  constants  were  necessary  to 
ex])ress  the  whole  curve.  It  was  th<)Ui;lit  that  the  corre- 
spoiidiiii;  lo.i;arithtnic  lines  luitjht  cross  at  the  i)lait  point, 
but  this  is  shown  not  to  be  the  case  by  Waddell's  experi- 
ments'" on  tile  system  l)enzcne-\vater-acetic  acid  and  by  my 
own    nieasuretnents.     Lincoln,"    in    repeating    Waddell's   ex- 

'  1  ilur  ilii-  l.uslicMkiii  dos  iJS..  in  AUulicl.  Ik'r.  iliciii.  C.es.  lierlin, 
4,  ,<iS.?  (1X71  1. 

'  I'flior  l.cisiiii^c'n  vim  liCKrin/.ler  Misiliharkcit.  Ziit.  pliys.  clieiii., 
9,  444    iiKi;-'i;   see   paj;!'  470  iif   his  pajK-r. 

-  I'livs    Utviiiv,  3,  :i   (iHi)si,  ulc 

'  St'i'  liancrDll's  iiiurth  pa|>i"r,  Jour.  I'liys.  Cliciii.,  3,  217  (i8yy). 

'Jcitir.  I'liys  Clieiii  ,  2,  -w*  (i«')»). 

'  Il)i<l  ,  8,  J48  (ii>)4). 
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[Hriiiiitits.  fdiind.  loiitmry  to  that  author,  two  strai.i;lit  liiu-s; 
l)Ut  the  point  ol"  iiittr^titioii  docs  not  o)rrts])oii(l  with  the 
j)Iait  i)oiiit  i^iviii  in  Waddtlls  pajHr.  I'urthiriiiori-,  in  a 
nunihiT  of  till'  Nvstiiiis  investigated  by  Hill'  the  lines  plotted 
in  loijarithniie  coordinates  are  distinctly  curved,  a  fact  that 
is  true  also  in  a  nuniher  of  my  own  results. 

I  have  calculated  the  logarithmic  coon  inates  for  the 
I)resenl    measurements,    taking    log    "'    as    oruinates    and  log 

^       as  al)scissa,   wliere    w    rei)rescnt-,  the    weight  of    water 

and  .(  the  weight  of  coiist)lute.  to  a  total  of  one  gram  of  water 
plus  third  li(|uid.  The  results  are  given  under  the  various 
systems  in  Table  \.  The  following  list  indicates  the  form 
of  the  corresjionding  graphs,  the  numbers  referring  to  the 
System  Xo.  gi\en  in  Table  \'. 

Sttiiight  lines  (between  the  limits  of  u  given  in  the  last  col. 
of  Table  I\'!  Xos.  i,  t„  (>,  u,  12,  14,  22.  25,  2i),  .:?2.  ;,5,  _t,(i, 
:,S.  ,V;.  40.  4'.  43.  44- 

CoHcaii  uplidtds.      Xos.  4,  S,   13,   ig,  27,,  28,  33,  3(;,  50. 

Cotiirx  upuanls.  Xos.  2,  3,  6,  7,  10,  15,  16,  17,  18,  20, 
26,  27,  2S.  31,  37,  42. 

hiifitildi.      Xos.  24,  34,  45,  46,  47,  4S. 

In  all  cases  where  the  logarithmic  curve,  or  part  of  it, 
is  straight.  I  have  calculated,  frf)m  the  .graphs,  the  two  con- 
stants for  the  etiuation  to  the  line,  which  for  convenience 
has  been  written 


l<i 


yiog 


(A). 


The  values  of  p  and  log  ;-,  calculated  in  this  way,  arc 
given  in  the  fifth  and  sixth  columns  in  Table  I\',  the  last 
column  in  the  table  showing  the  range  f  the  values  of  w 
over  which  the  line  is  straight. 

'  Jour.  IMiys.  Cliciii  ,  9,  5,1  (i,)„5). 
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Till'  followiiij;  coiisidiratioiis  will  v;ivc  a  clearer  idia  of 
tlic  sii;nilk-;i(i()ii  of  iIk'sc  constants  in  the  corrcspoiulini; 
l)in<)ilal  cur\is. 

I'roni  (.(Illation  lA") 

■'"     '  ■      ■'   M        :.)' (B). 

I'nr  till-  omditioii  tin  ilw        o,  /.  ...  for  maxiimiiii  a, 

/'  -  ' . " 

/•.  tlitrcforc,  uivis  till-  ratio  of  tlic  weight  of  iinniiscihlc  lu|ui(l 
to  watir  at  tlic  iiia\iimini  point  in  the  hiiiodal  curve. 

I'Or  :.  05,  (.  ..,  for  the  mixture  of  0.5  K'niin  water  t(» 
05  xraiii  iiiiiiiiscihle  li(|ui(l,  ei|Uation  iH)  hecoines 


c:;)' ' 


(Ci 


where  ,j  is  the  aiiiouiil  of  consolule  necessary  to  make  a  half 
and  half  nii.xture  of  water  and  second  ininiiscible  Ii(|uid 
lioinoi^^'iu  oils. 

Tlu  constants  have  heeii  calculated  in  this  wav  for  all 
the  exiieriiiients  (including  those  for  which  the  lo^'arithniic 
curve  is  not  slraisht)  and  are  ijiven  in  the  third  and  fourth 
columns  of  Table  1\'.  The  logarithmic  lines  plotted  hv  the 
use  of  these  constants  will  correspond  only  approximately 
with  the  ex|Krinients.  but  will  necessarily  pass  through  the 
ri^ht  point  for  i.  o  s.  ICveii  in  the  cases  where  the  lo^a- 
rithmic  graphs  are  straight  the  slope  jjiveii  by  the  interpola- 
tion formida  may  Ik-  sliKlitlv  inaccurate  owinj;  to  the  difli- 
culty  of  dettrmininK'  exactly  the  maximum  point  of  the 
biiiodal  curve. 

Writini,'  ecjuation  C  in  the  form 


It'K(o..S)        lo«.i. 


WMM 


a 


^ 


Expnnmntal  IhUrmiiialion  ../  Ihnodal  Cunrs    l-tc      -,.- 

it  will  be  noted  that  the  ieft-lumd  term  of  the  etiuation  in- 
creases with  decrease  of  ,;  and  vnr  vnui.  Since  lo-  ;  varies 
in  the  dilTereiit  systems  over  a  much  wider  range  than  />  ■  i , 
which  with  two  exceptions  lies  Intween  i  ,^  and  2,  loi;  ;' 
Itself  may  be  taken  as  :i  roiijrh  indication  of  the  variation  of 
<'.  Since,  as  was  siiowii  above.  ./  is  the  amount  of  consolute 
reciuired  to  make  ecjual  (luantities  of  iho  two  immiscibles 
homoijeneous  it  miKlit  be  expected  that  log  ;-  would  be  small 
for  the  very  insoluble  pairs  and  ria  ;,>.»(/.  That  this  is  ap- 
proximately true  is  shown  by  tin-  fojlowiiii;  list  in  wliieh  the 
systems  are  arranged  in  ascending  order  of  log;-  itlu-  num- 
bers refer  to  the  System  Nos.   in  Table   IV^: 

Asaiulni^   ordi,    0/    logy:     \os.    ,;,,,    3,,    ,4.    5.    ^,      ^,_ 
17,  40.  44.  -^o.  ,',;,      „   ...   ,s,  .v>,  S,  4.  4,,,   ,0.   ,,,,   :io,   r.j,   1,?! 

II.    IS.   2T,,    15.   ,VS,  14.  .),    7,    .^S,    12.   4_v    J,    I,,,    .75,    ,.    .-     ^'j 

'(^-  45.  47.  4'*^.  I.  -^4    ,''• 

It  will  Ik-  noted  that  the  lirst  i)art  of  the  list  contains 
hei)tane,  hexaiie,  piiuiii ,  lirombeii/ene.  mesityleiie.  etc., 
while  in  the  latter  part  there  are  isobulyl  alcohol,  ellivl  ace- 
tate, ether,  etc. 

Notes  on  Table  V 

Table  \'  contains  the  data  from  the  various  measure- 
ments made.  In  all  the  experiments  water  was  one  of  the 
lion  iniscible  pair  and  so  has  been  (miitted  in  the  headings, 
the  names  of  the  second  non  miseible  li(|uid  and  of  the  eon- 
solute  h(iui(l  being  used  to  designate  the  svsteni.  The  col- 
umns headed  'water'  give  the  wei-lit  of  water;  the  ueiglil 
of  the  second  non  miseible  li<|uid  in  the  svstmi.  and  hence 
the  abscissa  in  the  graphs,  mav  be  found  h\  subliadiiig  tlie 
amount  of  water  from  unity  The  sieond  column  lu  adid 
carbinol,  aIci>hoI,  propvl  alcohol  or  acetone)  gives  tlie  weight 
of  the  consolute  li(|ui,i  necess.irv  to  mak»'  a  homoL;i  n.  ..iis 
soliilion,  ,.  ,.,  ilu'  ordin.iie  in  ilir  grai)lis.  Tin  se  tuo  num. 
U'ts  fix  a  point  on  ihe  bmo.l.d  tlirve.  The  ligures  in  tlu' 
•■densitx  column  an  tlu  densities  ,,f  n,,.  Immn^uieoiis 
svsttnis  as  determined   b\    ihe   callu  lometer.      b'ot    the  eon 

"  '•    •'•-■•'     "•  ti-t    liie-,e  rvNUii -,   inierpii- 
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latioiis  of  the  even  dccitiials  luive  been  made  and  inserted 
in  the  table;  these  interpolations  which  have  been  made 
from  the  plotted  curves  are  given  to  two  decimal  places  only, 
and  are  marked  by  an  asterisk.  The  plait  points  are  in- 
sirUd  in  tlic  tabic:;  in  their  proper  places,  and  are  indica- 
ted by  the  letters  P.  P.  The  two  small  columns  headed 
"water-water,"  which  appear  at  the  bottom  of  most  of  the 
tables  give  the  abscissa  of  the  two  ends  of  the  tie  lines.  The 
lower,  denser,  phase  is  ah.ays  giveti  in  the  first  column.  The 
tables  of  loRarithniic  coordinates  are  referred  to  under  "  Equa- 
tions for  binodal  curve,"  p.  752. 

The  tet!iperature  of  the  ex,>.  liinents  was  zero  centi- 
j;rade  except  where  otherwise  statti. 

(4)  Near  the  plait  point  separation  was  very  slow;  no 
even  dividing  line  between  the  phases  could  be  obtained. 

I'lait  point  Ixtween  water  0.41)  and  0.56: 

(5)  These  mixtures  do  not  become  cloudy  to  any  great 
extent.  Near  the  plait  point  the  two  phases  are  so  nearly 
the  same  in  appearance  that  without  the  lamp  black  it  was 
verv  difticult  to  sie  the  dividing  line. 

17)   Kahlbaum's    preparation,     freshly    distilled,    b.     p. 

78°. 

((/I  The  ethvleiie  chloride  was  dried  and  redistilled,  b. 

p.  8.^°-84°. 

(II)  The  ethyl  bromide  was  i)repared  m  the  laboratory. 
It  was  drie<l  and  fractionated,  b.  p.  38''-39°. 

(Ml  Th(  i)lait  iM>int  seems  to  lie  Intween  the  point'^ 
watii  o  .),M)  and  water  o  ()()<),  but  though  reinated  attempts 
Win-  maile  no  tie  lines  were  obtainetl. 

114)  The  tirst  three  tie  lines  are  a  first  approximation 
only,  but  the  radiation  from  the  origin  indicates  that  the 
l).>ttom  layer  during  the  first  part  of  the  exiK-rimeiU  was 
practically  pure  propyl  bromide. 

i  1 7  The  broniben/iiu'  was  prepared  by  students  in 
the  organic  laboratory.  A  fraction  of  kx)  ec  boiling  at  154° 
was  used  for  these  meastirenieiits. 

ig;  SejiiiJated  Very  sl.Avly  tu;tr  the  pbi!   point.       Did 
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not   separate  on   standing  twenty-four  hours.     Centrifuging 
was  of  no  help. 

Plait  point  between  wat'r  0.75  and  0.85: 
(21)  It  was  impossible  to  determine  the  end  point  ac- 
curately because  the  bromtoluene  phase  settles  to  the  bot- 
tom as  oily  drops  in  a  perfectly  clear  liquid,  and  the  end  could 
be  determined  only  by  the  disappearance  of  the  oily  drops. 
The  bromtoluene  was  freshly  distilled,  b.  p.   i82°-i83°. 

(24)  At  0°,  10  grams  ethyl  acetate  dissolve  0.301  gram 
of  water.  Ten  grams  of  water  at  0°  dissolve  1.086  grams 
of  ethyl  acetate. 

(28)  Benzyl  ethyl  ether  forms  at  first  the  upper  layer. 
After  the  addition  of  a  little  alcohol  it  forms  the  bottom 
layer. 

(29)  The  first  two  tie  lines  given  are  first  approximation 
only. 

(30)  It  was  not  found  possible  to  carry  this  curve  beyond 
the  point  water  0.70.  From  this  point  on,  after  the  addi- 
tion of  a  small  amount  of  alcolicl  the  mixture  no  longer 
separates  into  two  layers  but  remains  turbid  and  a  great  ex- 
cess of  alcohol  uiRS  not  remov<-  this  turbidity. 

Plait  point  only  near  water  o .  50 : 

(31)  The  hexane  and  heptane  used  were  Kahlbaum's, 
"aus  Petroleui!!."  When  carbinol  is  used  as  the  const>lute 
liquid  the  plait  points  lie  so  near  the  i)araffine  end  of  the 
graphs  that  tie  line  measurements  are  impossible.  This 
means  that  the  tie  lines  radiate  from  the  origin  and  that 
hence  all  the  solutions  obtained  by  adding  carbinol  to  any 
mixture  whatever  of  luxane  or  heptane  and  water,  are  in 
equilibrium  with  practically  pure  hexane.  To  check  this 
conclusion  the  following  measurements  of  the  refractive 
index  were  made: 

(i)  Three  cc  of  hexane,  3  cc  of  carbinol,  and  one  drop 
water  were  shaken  well  together,  let  stand  to  separate  and 
the  top  laver  (about  2  cc)  was  then  transferred  to  the  c  1  tuUr 
of  the  refractometer  and  its  index  of  refraction  determined. 
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(21  I'"i\t.-  (.•(.'  of  InxaiU',  7  cf  of  larbiiiol  ami  4  drops  waUr, 
tnatid  as  hifou'.  Tlu'  to])  layer  was  a])j)roxiiiiatt'l\'  3  tv. 
TIio  nfractivf  iiid'X  of  liotli  top  and  bottom  layers  was  dt- 
tirniiiud.       IpiK-r    layer    ",,        1    v^.U.'.    lowi-r    lawr   /(,,  = 

,; '  Tlirn-  i.\'  of  luxaiK',  1  i-i-  of  water,  will  shaken  and 
se])arate<l  1)\    eentrifiii;ini;,  n])per  layir  .",,   ^     i    v^^Si. 

4  riiree  ee.  of  liexaiie  and  an  excess  lahoiit  2  ilrops^ 
of    earhinol,    allowed    to    settle.      Used    tlic    clear    solution. 

Tile  nfractoiiieter  used  ( I'ulfricli's  "  Kefractonieter  fiir 
Cluniiker"!  i;a\e  as  the  value  of  v,^  fordistillid  water  at  14° 
C.  1  ,v;Ji).S  as  a,i;ainst  i.,^,',j,v  j,'iven  in  the  I, aiidolt  Horn- 
stein  talile-~:  for  heii/eiie  it  u;a\e  1  soi.V)  as  against  1.50137 
in  till-  t,il)les;  ])ure  liexaiie  xave  i  .3.S3S2  and  carl)inol  1  .33070, 
all  at    14'  C. 

(34)   I'lait  point   is  about   water  o  02,  alcohol  <).3.S. 

(36)  Through  an  o\ersii;ht  no  tie  line  measurements 
were  made : 

riait  point  betwien  water  o  3.S  and  0.50: 

137)  In  this  case  uis  also  in  the  cases  of  experiments 
luiinbered  4,  8,  28,  35.  31).  41,  43  and  4<i)  while  the  xylene 
is  at  first  the  upper  Ia\er,  after  tiu'  addition  of  a  small  airomit 
of  alcohol,  the  xylene  laver  sinks  tiiroujih  the  waler\  layer 
ami  l)econies  the  lower.  This  .cives  arotlur  ir.ethod  of  ol) 
tainiiiK  approximatelv  the  lii  liiHs  in  iliC'e  mixtures.  lust 
before  till'  point  at  which  the  "to])"  lawr  becoires  the  'f)ot- 
tom  '  there  is  a  ])oint  at  which  the  den>.itiis  of  the  two  are 
idiiitical  and  the  diiisit\  of  either  is  the  density  of  the  total 
mixture.  .\(ld  alcohol  mitil  tlu'  'to]i  '  layer  just  bii;ins  to 
sink  into  the  'bottom  '  and  determine  the  density  of  the 
total  mixturi'  at  this  ])oini  Thi'  tie  line  will  be  represeiitei! 
by  a  line  i)assin,i;  tliroUL;h  tin.  j)oint  wliich  ^ives  the  com])<i-i 
tion  of  the  svstiin  and  cnttiiiK  tl'i'  binodal  curve  at  a  ])iiint 
on  I'ither  side  which  lias  the  deiisitv  of  the  niveii  sx^teii'. 
The  last  tie  line  in  tin    table  al>ove  was  obtained  in  tb'^  >•  "■ 
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Tile    I'oiupfisitioii    nf    till'    systtni    was    water   o  j<)5.    akoliol 
o  740,  <kn>it\  o  S.). 

!,',S)   'I'Ik'  plait  iioiiil  Iks  to  tia-  ri.ulit  of  the  point  wattr 

0   l)10. 

(43)  Tlu'  first  til'  liiii'  is  a  first  a])proxiniatioii  oiijv. 
Kalilljaiim's  hist  i)ri'])ar.ilioii,  fractioiiati'd  Iwii-i',  h.  p.    n^s". 

144)  'llii'  sainiilc  of  o-iiitrotoIiK'tU'  was  ])rtpaiV(l  in  tin.' 
lahoratorv,  h.  p.  jj,?^    J24'"'. 

(431    I'.,  p.   i<)«)°. 

It  was  inipossilik'  to  -it  a  satisfai-lor\-  tii'  liiu  lUiaMiri'- 
lui'iit  hrcaiist'  till'  laMrs  would  imi  stparali'  will  iiioiil;Ii 
to  I'liahk'  oiii'  to  riad  tin  xoliiiiii--,  ixiii  up  to  tlii'  ])oiiit  win  ri' 
oiir  drop  of  ak-oliol  iiiadi'  tlii'  iiiixtiiri'  Iioii!oi;iiii'oiis. 

Till'  plait  ])oiiit  I'oiiH's  bit  Willi  0  50  and  0.61). 

146)  KaliJhaiiin's  i)ri']Kiratk)ii,  sli,t;litly  discolori'd. 
Hoili'd  with  caliiuni  turnings  iindir  ri'llux  and  fraitionatid. 
H.  p.  io7°-io')°.  The  soliihility  of  wati-r  in  isohutyl  alcohol 
at  ziTo  is  2.17  s;  watir  in  10  j;  and  that  of  isohutyl  alcohol  in 
water  is  i.is  K  i"  '"  y;  water.  The  solubility  decreases  with 
rise  of  tetni)eratiire. 

1471  Kahlbaum's  preparatuHi  free  from  pyridine.  Dried 
over  ealciuni  liiriiiiij;s  and  distilled.  H.  p.  1,^0''.  The  sol- 
ubilitv  in  water  at  /ero  is  0.42  1;  in  10  ^  water  and  the 
solubilit\'  of  walir  in  isoaniyl  alcohol  at  zero  i--  o  ;-ii  g  in 
10  i;  alcohol. 
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Table  V 


(i)  cthiT  alcohol 


Water  Alcoliol         Density 


(2)  chloroform  alcohol 


Water 


Alcoliol        Density 


0041 

0    161 

0,78 

i>  093 

"•434 

I    19 

0  087 

0   224 

0  79 

*o.  U) 

0  45 

I    i8 

*o  -  10 

a  2« 

0  80 

0.185 

0.587 

I    «3 

0    I.S6 

0  299 

0.82 

*o .  20 

0  60 

1. 12 

*(.   20 

0  ,V'5 

0.82 

*o.3o 

0  68 

1.07 

"    2()9 

<>  .VS4 

0.85 

"317 

0  692 

1 .06 

0  ,V)') 

0  ,^76 

0  86 

0  407 

0   726 

1.04 

'•  ')  49 

0  3« 

0  88 

0.499 

0  729 

I   0,^ 

*o  50 

0.39 

0,88 

I'.  P.  0  s« 

"73 

— 

0  586 

0  3«i 

0.  <jt> 

0  596 

"733 
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Tahi.i-:  V — (Continued) 
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Taiii.i:  V — (Conlhiucii) 
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Tadlk  V — (Continued) 
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I.||« 


I.0K 


<i  10 

o  2i  I 

o  30 

o  40 

o  50 

O  ()<l 

0  70 


1'.  I' 


I  4')'> 
1  (.3>i 
1  714 
I  7"3 
1  H07 
I  H49 
I  'I'll 
I  ')r.') 
o  <>.S> 
1    727 


o   453 

o  240 
o  o«2 
I  <)M) 
I    S07 

1  <>73 
i  .VV^ 
I  35'* 
I  097 
0  1)54 


I'.  V 


0  10 

1   5^") 

"523 

<  1  20 

I   721 

t>  323 

0    V) 

I   824 

0    192 

0  40 
0    so 

1     1)12 

0  088 

I     983 

1   «)83 

0  (10 

0   054 

1,878 

0   70 

0     105 

I   737 

0  80 

0    1<)<) 

I   5«7 

0  </) 

0    291 

I   337 

0  (xiS 

1   939 

riSgary" 
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Tadi.E  V — {Continued) 
(27)  I  thyl  butyratc-  alcohol         (28)  U  nzyl  tthyl  itlu  r  alcoliol 


Wattr 


Alcohol        Density 


Water 


Alcohol         Density 


P.  I' 


0 .  030 

0.  166 

0.90 

0  <)<)7 

0  314 

0  90 

*o   10 

0.32 

— 

0    20<) 

0.483 

0.88 

t)    300 

0.567 

0  89 

0    401 

0.628 

0.90 

(>    506 

0.659 

091 

•   0,54 

0  67 

— 

0  ,Si)8 

0  684 

0  92 

*o   ()0 

0  69 

0  92 

0  7113 

0  6<>3 

(.  '« 

0.807 

0  684 

0.94 

*o .  9i> 

0  63 

0  94 

o.qio 

0  603 

0  95 

\w 

liius 

Water 

Water 

i>   9*) 

()()() 

0  93 

"  115 

(.  89 

0  1 1 

0  fl 

"   -!,S 

0   72 

(»  3(» 

(1  62 

0  45 

(271  I.oK. 

in 

iliinii." 

coordiiiatts 

0 .  029 

0.  189 

0  94 

*o.  10 

0  37 

0  92 

0    108 

0.381 

0  92 

0    191 

0.528 

0  92 

*o.  20 

0  54 

0  92 

0  274 

0  648 

0  92 

*o   ^0 

0  67 

0  91 

•'■  03,^ 

0  71 

.._ 

*o  40 

0  78 

0  ()l 

0  410 

0  7';<) 

0  <)i 

0  4C)4 

0  874 

- 

*<  >  50 

0  87 

(.  91 

0  594 

0  93" 

0  92 

*<)  60 

0  ()3 

0    <)2 

*( )  7<  > 

0  96 

(1    92 

0  7 1 1 

0  <)()<> 

(.    >.)2 

0    8(12 

0.952 

u    92 

*()  ()<) 

0   86 

'1   93 

0  920 

0    793 

0  94 

Til-  lull  s 

Water  Water 

(»  .  (M)  I'     73 

CI    03  I)    -|> 

015  "'  5- 


(28)  I.<>i;arillmiic  iiHirdinatis 


Water 


I.'>K 


I.oK 


Water 


1."^ 


0    10 

1   4'>,S 

0  449 

In 

1   43-' 

ri     ;.\(l 

0    2(  1 

1    61 7 

0    2  1 C) 

20 

1    .S'>'l 

"     '7' 

0    30 

1    7-'.< 

0  u<>l 

,V' 

1    (>5i 

11    U1C| 

0    40 

I     So, 

1    ijMii 

4" 

I    7111 

1     ,SS() 

(1    50 

1.88.) 

1    880 

5" 

'    ,,s>> 

1    7,^'» 

()    60 

0  9,V) 

'    7f'3 

(K) 

"1    Mil 

1  (.34 

0    70 

0  (X14 

I   ()36 

70 

1    8<>.^ 

'   4'>5 

0  »o 

0    (K)8 

1   475 

81. 

1    >)24 

'   ,w'.' 

I'.  I' 


0    <JO 


'55 
1^)6 


O     <^l 


I  «37 


I'.  1' 


1   (.67 


1  (>()5 


1   <» 


i> 


V' 


776 


ir,i//.(    P.   Ho)i>    r 
Tahi.i:  \'      iC '.'ii/nnii  c/) 


(  jc)!  i^duiinl  I  IIk  r 


W,.ur 


1'.  I' 


.,  Ill-' 

"(I  in 

II  II 

II  I  -'  I 

■'"(  I  Ji  I 

(I  JijN 

,,  |M(, 


II ; 


W.iKr 


Alo.lii.l 


"  74 

II  ~'\\ 

I  :<  1 

I  -'4 

I  ^7,; 

1  s;!) 

I  i).S 

J  i.s> 

J  1 1) 

.•  .'Ill 

-'  '  \ 

.'  1 1 1 J 

[  >7 

I  71)-' 
ii   liiu  s 
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I,  Si 


0    Sj 

u  s,; 
,,  ,S;, 
,1  s^ 
,,  ,S4 
"  '^4 


11    Ml 
11  ,ss 


,.    Si, 


1,^1)1  (Ik  llnl  kcloiu-  ali-nlidl 
\\:iur  Ak-.iliiil         I)fii--ity 


t ) 

udJ 

'.;'> 

«5 

< ) 

ID 

"9 

S5 

0 

11 '5 

-•111 

S(i 

<  1 

J(  1 

,.l 

^1 

1 1 

-M'l 

.1 '  ; 

■^7 

( > 

J9.S 

55'' 

ss 

( 1 

4...1 

5')- 

>^'> 

< ) 

45,1 

.41.1 

1»(1 

< ) 

5"i 

4" 

1)1 

0 

54-' 

415 

>)-' 

(1 

5'i.> 

4"4 

l>l 

W.lUI 


I  ;(i)  l.(ii;aritli!iiii.'  I'lmnliiiaUs 

I  U' 


WlllT 


l."K 


I."H 
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( -'I)!  I.ci^aiiiliiiui-  i-iiurdiiialis 
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I.i'H 


I."K 


(»     in 

1     7-M 

0  '>75 

U     J(l 

I    Klo 

(1  412 

U      ^(  t 

I     t).M 

0    2H() 

(1  4<i 

(1    <  M  iS 

'•    1.^5 

11    si  1 

(1  (.Ss 

1 )  1  iS  5 

II    (Ml 

0    1(17 

,1  .«.4 

I'.  1' 


(1    Id 

1  174 

( 1 

I2>) 

(1    Jo 

I     222 

^-'4 

>>  51  > 

1     2SI 

(14(1 

II  40 

i  5.V> 

■>(l(l 

(1  50 

1   4(12 

402 

(>.(h) 

I   4.^« 

262 

0  70 

'  4'':> 

'■J7 

0  80 

I   57.1 

•)7i 

(1   (>(> 

1   OH  2 

2 

72S 

1    172 

0 

()«0 
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'I'aum;  \'-~{Coiiiniu,;l) 


l:-,i  1  luxaiU'  carliiiiol 


i,;j)  licxuiii'  ak-oliiil 


W.u.r 

C,i 
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Hciisii 

(»  ()f>7 

4 

jSi  1 
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4 
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n    lf)ii 

5 

1 11)1 1 
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S 
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,^ 

7  III 

II    S  J 

CI       Jd 

(1 

1  7 

11    M 

"    »U 

(1 

-'4'> 

II    S  J 

"  5'"* 

(1 

,^<'S 
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(i 

>  ,> 

II    S,', 

(1    ds.' 

(> 

■•4" 

II    S; 

11  (171) 

(1 

-'  -  _• 

0  711 

() 

1  ; 

1,  s, 

11     ,S|  ) 

,s 

4'^ 

II   ,S5 

(1    S^r. 

,s 

111  J 

11  ,s,s 

(1    1^(1 

4 

III 

II    Ml 

n    1(1  IS 

.1 

1)1  J 

11  s  7 

II    C|,S.| 

1 

7S'I 

II    1)1 

W:iur 


Alcuhul         l)en>iiv 


(  ii  I  l.ii.i^aiilliuiio  ciiiiiiliuatt  s 


W.ii.r 


I....; 


1  1 

".> 

Si( 

<» 

■  I ) 

li) 

''4 

75 

( } 

J  U 

■'4 

71) 

( 1 

1  7; 

,S,,i) 

7'' 

(. 

J' ) 

"4 

7') 

( » 

J  "J 

415 

Si 

( ) 

\i  t 

43 

Sj 

1 1 

.VS., 

7  1  _> 

.S  J 

( t 

1" 

-  ; 

S? 

■■( ) 

5' ' 

').\ 

S  ; 

( ) 

.^  -  5 

i)'iil 

S  ; 

f  > 

575 

(  M  'M 

S  ; 

() 

(nt 

1  11  1 

'"<.; 

< ) 

7<>- 

(;l,S 

s  ^ 

'( 1 

.Si> 

7.S 

ss 

n 

.SI5 

7-'" 

S(i 

1 1 

N.^.S 

2-S 

S(i 

\} 

1/1 1 

l).S(l 

1  isd 

Ml 

Tir 

luus 

11   Id 

: 

:•■-'> 

1 

-'«.? 

11    Jl  1 

-' 

5  No 

I 

ISJ 

II    ;i  1 

-* 

7  Jii 

I 

1  iS.S 

11  411 

-' 

Si-' 

_' 

.>ss 

n    ill 

J 

,Si,(, 

J 

Si)() 

II   (hi 

: 

1)77 

J 

Sill 

II    711 

1 

iiss 

J 

(u>l  1 

11    Nil 

1 

1(14 

-> 

55' 

(1    lyi. 

• 

,1,T  ■ 

-' 

M)7 

Witir 


W.clcr 

I  I  I  II  I 
1 1 . 1 II 1 
II, 111 
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Table  V — (Continued) 
(7,2)  I.osarithniic  coordinati'S  (34)  ht-ptaiii-  alcohol 


Water 


I.<>K 


L„^,  '  -Ji'  Water 


Alcohol        Density 


0   10 

2 

886 

1.840 

0   20 

2. 

991 

I   594 

0  30 

1  . 

088 

I  45'' 

0  40 

I 

Ifi6 

I   342 

'  >  5' ) 

1 

232 

1    232 

i)  ()i) 

1 

3"' 

1    125 

0  70 

T 

3S3 

I  013 

0  «() 

T 

4<'4 

2    S(>2 

0  ()(> 

Y 

(>()() 

2    (>52 

'.  1'. 

2 

706 

0    2  1  f ) 

(33'  1h 

])taiu'  car 

)iiu)l 

Wdtcr 

C.i 

rl)iiuil 

Density 

0034 

4 

7S 

-  — 

••■( ) ,  I  ( 1 

3 

55 

f)  So 

0     12() 

3 

><3 

oSo 

11   * » ' 7 

(> 

3<' 

0  ,S2 

*o .  3<  > 

J 

3" 

0.82 

(1  321 

1 

40 

II    S2 

n   4(«) 

.S 

2: 

(I.82 

*<>   50 

,s 

7<' 

(1    S2 

0   32.) 

s 

So 

(1    83 

'■'1 )  (>i ) 

,s 

'•5 

n   83 

i>  672 

fS 

IIS 

(1   83 

'''( 1  7< ) 

1 

7f^ 

<i   83 

(1    ,S<12 

1} 

,,   84 

*C)     1)11 

4 

4" 

.1   87 

(P    <)(>2 

2 

'('> 

(1    <)! 

(Ti^\)  I.DKaritlimic  cm 

rdiiiatcs 

0  038 

0 

704 

0  79 

*o   10 

I 

44 

0.80 

0.118 

I 

683 

0.80 

0  202 

2 

375 

0.82 

*o  30 

2 

82 

0.81 

0  341 

2 

940 

0  82 

(1  388 

3 

015 

0  82 

*o  40 

3 

0() 

0.82 

*(1  30 

3 

I() 

(1  83 

0  545 

.^ 

1(18 

0  H3 

ni  60 

.> 

'7 

0  84 

*(i  70 

3 

In 

0  83 

0.7^5 

3 

<  i8( ) 

<i  83 

0  8(14 

-> 

9()(  1 

0.87 

11  907 

-» 

3<  15 

0.88 

(34)  I.oKarilhiuic  cdordiiiatis 


W;ite. 


I.0K 


L<ig  - 


0. 10 

2.842 

1    7()<> 

<l    2(1 

2  9-:') 

1.528 

0.30 

1   U27 

I   395 

(1  4(1 

I  U() 

I    293 

(1   s'  1 

1    1  <)9 

I    1  (>9 

(1   tn} 

I    277 

I    101 

(1    711 

I   354 

2  986 

(1    8(1 

'4,^2 

2.830 

( 1 ,  (_>(  1 

1  •  5  )3 

2.638 

Water 


I.'iK 


I."K 


1(1 

2 

236 

1 

210 

20 

■> 

497 

I 

Km 

M> 

2 

(.14 

2 

(,82 

4<i 

2 

(187 

2 

863 

50 

2 

757 

2 

757 

(hi 

2 

841 

2 

663 

7" 

2 

954 

2 

586 

80 

1 

o-f) 

3 

474 

(/J 

I 

311 

2 

357 
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Taiii.ic  \'—(Continiud) 
(35)  Ixiizciii-  alcohol  (tfiiip.  15°)  (36)  tolut'iic  alcohol 


Water 


Alcoluil         Density 


Water 


Alcohol         Density 


0  013 

0.  170 

0  86 

( )  06  ^ 

0  .^M' 

0  87 

1".  (.1.. 

1)   .So 

0  8() 

0  I  S3 

0   708 

0  N.S 

*(>  ^0 

0  S(> 

0  8f) 

(1    .»c)<S 

0  1)17 

0.88 

*( )  3( ) 

091 

0  8S 

*()  40 

1   07 

1)  87 

0  4()(> 

I  080 

,..87 

*<>  .v> 

I  .18 

..87 

.)  517 

1  .  188 

0   88 

*()()() 

1    22 

0   88 

"  '"4 

1  .  2iSi\ 

0  88 

0  681 

I     210 

().8c) 

*u   70 

1.21 

0   89 

0  7()<) 

I     130 

..89 

0 .  S(;8 

0.972 

0   92 

*o  90 

i>  <>7 

0   92 

0  <)S( ) 

0  5()() 

"  <)4 

1 

ii'-lincs 

Water 

Water 

o .  04  0.18 

(3.s)  I.osarithniic  coordinates 


Water 


Log 


I,< 


p.  IV 


10 

.V>l 

0 

25.S 

20 

4,V^ 

0 

040 

:^'> 

,SlH 

I 

886 

4" 

■S",^ 

I 

74") 

5" 

627 

I 

627 

()() 

()C,2 

I 

.si(> 

70 

702 

I 

.V)4 

80 

850 

1 

248 

'.XJ 

967 

I 

<",i 

- 

3<>> 

0 

255 

0.052 

0 

388 

0  87 

0.083 

,rV^ 

(J  86 

*i).  10 

61 

0  86 

0   121 

7'  '.~i 

0   86 

*o   20 

9,S 

0   86 

'^'o  30 

">  1 

0   8() 

0  3.S1 

^^:^ 

0   86 

*o  40 

4> 

0   86 

•"'■( )  5( ) 

.S3 

0   87 

"  .S.^o 

,S.=il 

0   87 

'•'( )  60 

.S9 

0   87 

■■■( ) .  70 

.S'' 

0 .  88 

"759 

4'M 

0   89 

*().8o 

44 

0   89 

0.837 

3S0 

0   89 

*o.9o 

23 

091 

0  93f ) 

14.S 

c  92 

0.972 

0 

817 

0  94 

(36)  Logarithmic  coordinatts 


Water  Loj;    -       Lor 


0  10 

2I,S 

0 

169 

0.  20 

,^2.^ 

')25 

0  30 

yn 

762 

0 .  40 

4.S.^ 

629 

0  5" 

,S'4 

514 

0 .  60 

,S77 

401 

0.  70 

f>.=i3 

284 

0  80 

745 

'4,^ 

0  90 

864 

2 

910 

78o 
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'r.\l)l.i;   \'      ((  I'liliinii  d) 
i,\-)  ii  xvkiii'  ak-iiluil  (vSi  )//  xvliiu-  ali-olml 


WMtir 


AIcmIioI         Hi-ii^iiv 


(1  (Ijl) 

(1  ,;s- 

(1   Si> 

o    .14 

(1   10 

11  1)^ 

II  S7 

11    1  .'1) 

1   "75 

11  S7 

1.   .-14 

1    .?jii 

11  S7 

(1       \i\ 

\   5,> 

11  S7 

0     •,!-' 

1    ,s'"i 

1 1   S(i 

11    4,. 

1    7.' 

11  S7 

"  4''"4 

1    ■^4S 

II   S^ 

(1    in 

1    S7 

1 1  S7 

11  fll  1 

1    i|(i 

(1  ss 

11    (1J,S 

1    i).S5 

1 1  ss 

11   ~i  1 

'    'U 

11  ss 

(1  71).' 

1    Si;, 

1,    Si, 

11    Si  1 

1    Si 

II    Si, 

1 1    ^)^  11  1 

1    (141. 

1  >   1,0 

II    i)lii| 

1    I  1  »i  1 

II  1,,? 

lii- 

!iiu  s 

Waiir 

I  I  I  H  I 
I  I  I  M) 
u    I  X  I 

I  I  .  I  i(  I 
n  .im 

II  112 


W.iler 

,i.(,4 
1)  Jl 
II.  1() 

'>  I.? 
11.11 

I . .  SH 


(,^71  I,(ij,';irilliinic  cnnrdiiiatts 


W.itir 


I."K 


P.   1' 


11   10 

1    o.V 

1    <>8f) 

11    21) 

I    iSi) 

'    7«,? 

.1  ;,(> 

I     2()2 

I    (ifu) 

n  40 

'   ,V>7 

>   54.^ 

0   ,S'> 

>   4^7 

I   427 

1 )    ^K.l 

I   4.S() 

I   ,^lo 

0     71) 

1   ,S.S7 

I.  IX<) 

(1  Xo 

'   ''45 

I    04,^ 

0  <><) 

«    7.VJ 

2  7«5 

— 

1  .87H 

"  "54 

W.iur 


<  *  ^  1 

II    VSS 

1 1    Si  II 1 
II   Si 

lf>J 

I     l-'.S 

-.>,  J 

2< » 

I    ;ii 

-'Si, 

1     ,Si,ii 

4" 

41  iS 

1    77.S 

^l   1 

1    1,11 

5,s,s 

1     'I'l.S 

(H> 

1     i,S 

7* ' 

Jill 

7-4 

2  .  1  K  II  1 

7''> 

I     S711 

Sii 

1      S7 

Si,S 

1    5;,ii 

''"(> 

1,11 

'    5,1" 

'I77 

1     Ids 

.\U-.ihi.I         lli-tisiiv 


ss 

S7 
S7 

>^.=; 
■•^5 

S5 
S(i 
S(i 
S(i 

■^7 
S7 
S7 
ss 
,  ss 

S() 
Si, 

1,1) 
1,1) 

1)2 
,ttS 


(,V"<)  I.i)^;aritlmiii'  (.-oiinlii 


\V:lKr 


ID 

1   111,2 

21 ) 

1    1S7 

.i" 

1    271 

40 

'   .VS4 

5" 

I   420 

()i) 

1.4X2 

7" 

I    54-' 

Sii 

I   <>,U 

'A) 

1.770 

I 
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7S<, 
*>.V) 
5.V  > 
420 

.V>5 
'74 

(>21) 
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T.MiLE  \'—(Conlinu,,l) 
(39)  />  xykiU'  alcohol  (tiiiip.  15°)  (40)  incsiiykiK-  alcohol 


Water 


Alcc.lii.l 


Density 


Water 


Alcolinl 


Ucnsitv 


0  ();,4 

< )   l\(  ii) 

0  «4 

I'.  1'.  0  03 

0  48 

. — 

0  1)74 

0  53" 

"85 

"  "37 

0  516 

0.86 

P. 

1*.  0  (kS 
*()   10 

"57 

OOCJO 

0 .  98 1 

0  86 

0  65 

(),,S,S 

*o   10 

1  09 

0,85 

<i.  121 

0  7(10 

(1  ,S(. 

0  164 

'473 

( ) .  >»  5 

*( )  .?<  > 

'   "5 

0  «.s 

*o  20 

1    66 

0.84 

0  J 1 1 

1    <)t>2 

o.Ss 

0   2y,S 

2     130 
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^"*'  .  45.  4'"   ti'<>t'l'.  48,  .'5  U**'*"); 

4g,    15'.   anil    174    (i*)i  1;    50,    t7.' 

(iN.)i  -:  5J,     1  1     (i.H.)j).     55,     1  („ 

(1».)4! 

I'rcie    Uoy    Soe  .  4g,  tSt  (i8i)i  >. 
IU:,llatt,li>-  Zeil     |>livs    Clietii  ,  7,    uS 

(I8.)ii 
I'jiill.r     Z«il      pliys     Cliein  ,    9,    4()() 

(iS„.M. 


Sfhiofk,      Zeil     pliv>    Cliein  ,    14,   ,VU 

(|H,)4I 
/.iMi/i.ifi;,  r.-  .\iii    t.'lieiTi     |iiiir  .  14,   xHn 

(I  (*.).•», 


Kiii)^,iii,l  Ml  I  h,n    \imt  Atial  Cliei 
6,  m  (tHo-'l. 


Aeelic  acid,  water,  ether;  brotnine, 
water,  earb    bisulphide. 

lien/ene,  water,  aeetie  aei<l;  aiiivl 
aUoliiil,  water,  alenliol;  aniyl  aico 
I111I.  water,  acetic  aciil;  ether,  water, 
acetic  aciil. 

Water,  ether,  hydmeh    acid 

Water,   ali-iihol,   aitinuMi.    siilpli  ,   etc 


Alloys 

Water,  ehlimifnrni,  acetic  acid. 

Water,  alcohol,  ainin.  sulpli. 

Water  anil  alcohol  with  the  following: 
mono  ,  di  and  trichloraeetit'  ester; 
aiiiyl  alcohol;  iiiethvl,  ethyl,  projivl, 
hiitvl  and  aniyl  lorniate.  tiietlivl, 
ethyl,  propyl,  biitvl  and  aniyl  ace 
late:  methyl,  ethvl  and  propyl  pro- 
pionate; methyl,  ethyl  and  propel 
Inilyratr:  methyl  and  ethyl  valerate. 

\\  ater,  ether,  hydroehl    acid. 

Water  and  alcohol  with  )Hit  carbonate, 
sod.  carbonate,  amm  sulphate,  man- 
i;anims  sulphate:  water  and  aiftoiie 
Willi  the  siime  salts 

Water    and    acetone    with    siiKur.    dox 
IroM",  maltose,  sucrose. 


/i,in,r,'ll     I'liys     Review,    J,    .>i,    114 
anil  KH  (iH.)5);  Jotir    f'hys  Chetn  , 

'»  .U.  •"'<!  "'o  (iC'Vit;  3,  Ji?  (i8i)<)l.    Chloroform    and     water    with    alcohol, 

carbinol    and    acrlotK".    Iien/ene    and 
water  with  alcohol,  rurhinol  and  ace- 
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Author  and  reference. 


TayUx:    Jour.    I'll  vs.    Cliem.,    i,    301 
(i«i)());  Ibiil  ,  I,  401. 


SchiiKumakfrs:     Zcil.     pliys     Clieiii  , 

22,  lu  ami  si.s  (iS07,>. 

23,  417  (i«>)7i. 


23,  '>4')  (iX')7l 


J5.  .^4.1  (iSyS). 
2b,  .'.(7  (1898). 
27.  "'S  (l«qH) 

29.  S77  (l8'><»). 

30,  4'Ki  (iSqq;. 
33,   7+  (l<)<)0). 

33i  :^  I  I9fx>). 
3Q,  48';  (|i(<>J  I. 

43i    .V'.S    dvU'    (<?xps.    tiy    MiiUlel 
licrg). 
IWiililill    Jour.    I'liy"-   Chciii  ,    2,    .',(' 

(|8r,Hi 

Siiill:    Jiiiir      I'liys.    Clicni  ,     2,    4S7 
(lM.>8i 


l.iiici'hi:    Jiiur     I'liys.    Clieui  ,    4,    ifil 
(ii(<>ii,   ll)i(l  .  8,  ^48  (ii|<>4). 


Ternary  system, 
tone;  ether  attd  water  with  alcohol 
and  carbinol;  ethyl  acetate  and  water 
with  alcohol,  carbinol  ami  acetone; 
alcohol  and  water  with  the  following: 
carbon  bisiUphid,  methyl  valerate, 
ethyl  valerate,  methyl  butyrate,  ethyl 
butyrate,  aniyl  alcohol,  mono  ,  dl- 
and  trichloracetic  ester,  ethyl  ist>- 
valerate.  isoamyl  acetate,  propyl 
butyrate,  etliyl  propionate,  propyl 
propionate,  ]iropyl  acetate,  butyl  ace- 
tate, aniyl  acetate,  propyl  lormate, 
butvl  formate,  amyl  formate. 

Water,  benzene,  alcohol  (Hinodal 
curvet;  water,  lieii/eiie,  alcohol  (Tie- 
lines. 

Theory. 

Water,  sod  chloride,  succinonilrile 
(Tie-lines  and  binndal  curvel. 

Water,  ether,  hydrocid  aciil  (exi>.  data 
of  I)ra|>er  and  Schunke);  wattr, 
alcohol,  annti.  sidphale  (exp  data  of 
Kodlinder  and  Traulie  and  .Neu- 
Iktki 

Water,  ether,  succincinitrile 

Water,  lieu/oic  aci<l.  siicciiioiiitrile. 

Water,  alcohol,  succinontrile. 

Water,  phenol,  aniline 

Water,  phenol,  sjdt. 

Water  and  plieiicil  with  tartaric  and 
raceniic  acids. 

Water,  phenol,  acetone 

Water,  pheiitil,  acetone  (Tie-lines). 

Water,  '.liver  nitrate    snccinoiiitrile. 

Hen/ene.  water,  acetic  acid 

I'ot.  chloride,  acetone,  water;  water, 
aliiihol,  mann  sulphate  (exp.  data 
of  Scliifl  and  LinebarRer );  water, 
alcohol,  amm  sulphate  (exp  data  of 
TrauU'  and  NeulK-riji. 

Water,  U'n/ene.  alcohol;  water,  lien- 
/ene,  acetic  acid. 


Experimental  Determination  of  Binodal  Curves,  Etc.    789 


Author  and  reference. 
Mftrlnirf,:  Zn\.    pliys.   Cliciii.,  40,   64 

lifll:  Jom  I'hys,  Chciii.,  9,  531  (iijo.s). 


Ternary  system. 

Trielliylaiiiinc  and  water  with  alciiliol, 
ether,  phenol. 

Water,  alcohol,  |M)t.  carl).,  etc.  (exp. 
data  of  Linebargeri.  water,  acetone, 
Migar,  etc.  (exp.  data  of  Krug  and 
McKlroy);  water,  acetone,  iH)t.  car- 
honate:  water,  alcohol,  [xit.  carhon- 
ate;  water,  acetic  acid,  sod.  carbon- 
ate; water,  acetic  acid,  sugar;  water, 
acetic  acid,  naph.;  water,  acetic 
acid,  aiiethol,  water,  alcohol,  benzo- 
phenone;  water,  acetic  acid,  benzo- 
plienone. 
Millir    aiiil    Mcl'li.rsiiii:    Jour.    I'hvs. 

Cheiu  ,  12,  709  (i()o8).  Water,  chloroforni,  alcohol. 

My  thanks  are  due  to  Professor  \V.  Lash  Miller,  at  whose 
suggestion  and  under  whose  direction  this  work  was  carried 
out. 

Uniivnitr  of  Toronlo, 
May,  i<^io 
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